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phine  ligands  having  electron-withdrawing  substituents, 
obtaining  high  selectivity  to  glycol  aldehyde  with  a  stable 
catalyst  system. 



T h i s   i n v e n t i o n   r e l a t e s   to  i m p r o v e m e n t s   i n  

t h e   p r o d u c t i o n   of  g l y c o l   a l d e h y d e   by  t h e   r e a c t i o n  

of  f o r m a l d e h y d e ,   c a r b o n   m o n o x i d e   and  h y d r o g e n   i n  

t h e   p r e s e n c e   of  r h o d i u m   c a t a l y s t   and  c e r t a i n  

p h o s p h i n e s .  

B a c k g r o u n d   of  t he   I n v e n t i o n  

G l y c o l   a l d e h y d e   is   a  v a l u a b l e   i n t e r m e d i a t e  

u s e f u l   in  t he   s y n t h e s i s   of  o t h e r   o r g a n i c  

c o m p o u n d s ,   and  can   be  c o n v e r t e d ,   f o r   e x a m p l e ,   t o  

e t h y l e n e   g l y c o l   by  h y d r o g e n a t i o n .   P r o c e s s e s   f o r  

t he   p r o d u c t i o n   of  g l y c o l   a l d e h y d e   by  t h e   r e a c t i o n  

of  f o r m a l d e h y d e   w i t h   c a r b o n   m o n o x i d e   and  h y d r o g e n  

in  t h e   p r e s e n c e   of  c e r t a i n   r h o d i u m   c a t a l y s t s   a r e  

d e s c r i b e d   in  E u r o p e a n   P a t e n t   0  002  9 0 8 ,   and  a l s o  

in  U . S .   P a t e n t   No.  4 , 2 0 0 , 7 6 5 .  



Summary   of  t he   I n v e n t i o n  

The  i m p r o v e d   p r o c e s s   of  t he   p r e s e n t  

i n v e n t i o n   i s   c a r r i e d   o u t   by  r e a c t i n g   f o r m a l d e h y d e ,  

c a r b o n   m o n o x i d e   and  h y d r o g e n   ( u n d e r   t e m p e r a t u r e  

and  p r e s s u r e   c o n d i t i o n s   c o n d u c i v e   to  t h e   f o r m a t i o n  

of  g l y c o l   a l d e h y d e )   in  t h e   p r e s e n c e   of  r h o d i u m  

c a t a l y s t   and  a  p h o s p h i n e   in  w h i c h   t h e r e   is   a n  

e l e c t r o n - w i t h d r a w i n g   s u b s t i t u e n t   on  an  a r y l   r i n g  

of  t h e   p h o s p h i n e .   The  p r e s e n c e   of  such   p h o s p h i n e s  

c o n t r i b u t e s   t o   b e t t e r   r e a c t i o n   r a t e   and  h i g h e r  

s e l e c t i v i t y   to  g l y c o l   a l d e h y d e ,   p a r t i c u l a r l y   w h e n  

an  e x c e s s   of   p h o s p h i n e   i s   e m p l o y e d   to  e n h a n c e  

c a t a l y s t   s t a b i l i t y .   The  e l e c t r o n - w i t h d r a w i n g  

s u b s t i t u e n t   m a k e s   t h e   p h o s p h i n e   l e s s   b a s i c .   T h e  

p r o d u c t   p r o d u c e d   in  t h e   p r e s e n t   p r o c e s s   c o n t a i n s  

v e r y   l i t t l e   g l y c o l   a l d e h y d e   c o n d e n s a t i o n   p r o d u c t ,  

in  c o n t r a s t   to  t h e   t e n d e n c y   of  amine   p r o m o t e r s   t o  

c a u s e   p r o d u c t i o n   of  c o n s i d e r a b l e   c o n d e n s a t i o n  

p r o d u c t .   S u i t a b l y   s u b s t i t u t e d   t r i a r y l   p h o s p h i n e s  

a r e   u s e f u l l y   e m p l o y e d ,   e . g .   t r i s  

( 4 - t r i f l u o r o m e t h y l p h e n y l )   p h o s p h i n e .  

D e t a i l e d   D e s c r i p t i o n   of  t he   I n v e n t i o n  

The  r h o d i u m   c a t a l y t s   u s e d   h e r e i n   a r e  

c o m p r i s e d   of   a  r h o d i u m   c o m p o n e n t   in  a s s o c i a t i o n  

w i t h   l i g a n d s ,   as  d e s c r i b e d   in  d e t a i l   in  U . S .  

P a t e n t   No,  4 , 0 5 2 , 4 6 1 ,   and  t h e   a f o r e m e n t i o n e d  

E u r o p e a n   P a t e n t   No.  0 0 0 2 9 0 8 .  

G e n e r a l l y ,   t h e   r h o d i u m   c o m p o n e n t  



of  s u c h   c a t a l y s t s   is   c o n s i d e r e d   to  be  p r e s e n t   i n  

t h e   fo rm  of  a  c o o r d i n a t i o n   c o m p o u n d .   P h o s p h i n e s  

w i t h   e l e c t r o n - w i t h d r a w i n g   s u b s t i t u e n t s ,   as  d e s c r i b e d  

h e r e i n ,   a r e   g e n e r a l l y   a  c o m p o n e n t   of  t h e   a c t i v e   c a t a -  

l y s t ,   w h e t h e r   p r o v i d e d   to  t h e   r e a c t i o n   medium  as  p a r t  
of  a  c a t a l y s t   or   c a t a l y s t   p r e c u r s o r ,   or   p r o v i d e d  

s e p a r a t e l y   to   t h e   r e a c t i o n   med ium.   In  a d d i t i o n   t o  

t h e   r h o d i u m   c o m p o n e n t   and  p h o s p h i n e ,   s u c h   c o o r d i n a t i o n  

compound   can  i n c l u d e   c a r b o n   m o n o x i d e   (CO)  l i g a n d s ,  

h y d r i d e   (H)  l i g a n d s ,   h a l i d e   or  p s e u d o - h a l i d e   c o m -  

p o n e n t s ,   or  v a r i o u s   o t h e r   l i g a n d s .   The  t e r m   " c o o r d i -  

n a t i o n   c o m p o u n d "   as  u s e d   h e r e i n   means   a  compound   o r  

c o m p l e x   f o r m e d   b y - a   c o m b i n a t i o n   of  one   or  more  e l e c t r o -  

n i c a l l y   r i c h   m o l e c u l e s   or  a toms   c a p a b l e   of  i n d e p e n d e n t  
e x i s t e n c e   w i t h   one  or  more  e l e c t r o n i c a l l y   poor   m o l e -  

c u l e s   or  a t o m s ,   e a c h   of  w h i c h   may  a l s o   be  c a p a b l e  
of  i n d e p e n d e n t   e x i s t e n c e .   The  r h o d i u m   may  be  c o m -  

p l e x e d   w i t h   f rom  3  to   6  or  so  l i g a n d s ,   and  can  be  i n  

a  f o r m   u s u a l l y   c o n s i d e r e d   as  n e u t r a l   or  e s s e n t i a l l y  

n o n - v a l e n t   in  common  c a t a l y s t   s y s t e m s , o r   in  c a t i o n i c  

fo rm  as  d e s c r i b e d   in   t h e   a f o r e s a i d   U .S .   P a t e n t  

4 , 0 5 2 , 4 6 1 .   The  c a t a l y s t   can  be  s u p p l i e d   to  t h e  

r e a c t a n t s   in  a c t i v e   fo rm  or  in  t h e   f o r m   of  v a r i o u s  

c a t a l y s t   p r e c u r s o r s ,   and  t he   c a t a l y s t   a l s o   may  u n d e r g o  

c h a n g e s   in  t h e   c o u r s e   of  t h e   r e a c t i o n ,   or  f rom  t h e  

e f f e c t   of  t h e   r e a c t i o n   c o n d i t i o n s .  

The  s u b s t i t u t e d   p h o s p h i n e s   u t i l i z e d   in  t h e  

p r e s e n t   i n v e n t i o n   a r e   c h a r a c t e r i z e d   by  h a v i n g   a n  

e l e c t r o n   w i t h d r a w i n g   g r o u p   s u b s t i t u t e d   on  an  a r y l  

r i n g   of  a  p h o s p h i n e .   The  e l e c t r o n - w i t h d r a w i n g  



g r o u p   w i l l   o r d i n a r i l y   be  in   a  p o s i t i o n   so  as  t o  

have   a  s t r o n g   e f f e c t   u p o n   a  c a r b o n - t o - p h o s p h o r u s  
bond  of  t h e   p h o s p h i n e ,   p r e f e r a b l y   in  p a r a - p o s i t i o n  
of  an  a r y l   r i n g   a t t a c h e d   to   p h o s p h o r u s .   One  o r  

more  of  t h e   e l e c t r o n - w i t h d r a w i n g   s u b s t i t u t e n t s   c a n  

be  p r e s e n t   in  an  a r y l   r i n g ,   b u t   one  e f f e c t i v e  

g r o u p   is  s u f f i c i e n t   so  t h a t   t h e r e   i s   o r d i n a r i l y   n o  

n e e d   fo r   more   t h a n   one  s u c h   g r o u p .   The  a r y l   r i n g s  

can   a l s o   c o n t a i n   o t h e r   s u b s t i t u e n t s ,   a l t h o u g h  

s t r o n g l y   e l e c t r o n - d o n a t i n g   g r o u p s   s h o u l d  

o r d i n a r i l y   be  a v o i d e d .   T r i a r y l   p h o s p h i n e s   w i t h   a n  

e l e c t r o n - w i t h d r a w i n g   g r o u p   in  p a r a - p o s i t i o n   to   t h e  

p h o s p h o r u s   a r e   p r e f e r r e d .   H o w e v e r ,   p h o s p h i n e s  

w i t h   s u b s t i t u t i o n   of  e l e c t r o n - w i t h d r a w i n g   g r o u p s  
in  an  a r y l   r i n g   in  o r t h o   or  m e t a   p o s i t i o n s   can   b e  

e m p l o y e d ,   p r o v i d e d   t h e   s u b s t i t u t i o n   i s   e f f e c t i v e  

to  l ower   t h e   b a s i c i t y   of  t h e   p h o s p h i n e ,   m a k i n g   i t  

l e s s   b a s i c   t h a n   t r i p h e n y l   p h o s p h i n e .  

A  n u m b e r   of  e l e c t r o n - w i t h d r a w i n g   g r o u p s   a r e  

known  to  t h e   a r t ,   e . g .   t r i f l u o r o m e t h y l ,   n i t r o ,   a n d  

c y a n o   g r o u p s ,   and  in  g e n e r a l   e l e c t r o n - w i t h d r a w i n g  

g r o u p s   c h a r a c t e r i z e d   by  s u i t a b l e   Hammet t   v a l u e s  

can  be  u s e d .   The  s u b s t i t u e n t s   on  t h e   p h o s p h o r u s   o f  

t h e   p h o s p h i n e s   can  be  t h e   same  or  d i f f e r e n t ,  

a l t h o u g h   i t   is   g e n e r a l l y   more   c o n v e n i e n t   f o r   t h e  

g r o u p s   to  be  t h e   s ame .   I t   i s   p r e f e r r e d   t h a t   t h e  

a r y l   g r o u p s   on  w h i c h   t he   e l e c t r o n - w i t h d r a w i n g  

g r o u p s   a r e   s u b s t i t u t e d   be  p h e n y l   g r o u p s .   E x a m p l e s  

of  p h o s p h i n e s   w i t h   e l e c t r o n - w i t h d r a w i n g   g r o u p  
s u b s t i t u t i o n   i n c l u d e   t r i s ( 4 - t r i f l u o r o m e t h y l -  

p h e n y l ) p h o s p h i n e ,   t r i s ( 4 - c y a n o p h e n y l )   p h o s p h i n e ,  

t r i s ( 4 - n i t r o p h e n y l )   p h o s p h i n e , t r i s ( 3 - m e t h y l -  

4 - t r i f l u o r o m e t h y l p h e n y l )   p h o s p h i n e ,  

t r i s ( 2 - f l u o r o - 4 - t r i f l u o r o m e t h y l - 6 - f l u o r o -  



m e t h y l p h e n y l ) p h o s p h i n e ,   p h e n y l b i s -  

( t r i f l u o r o m e t h y l p h e n y l )   p h o s p h i n e ,  

4 - c y a n o p h e n y l - b i s ( 4 - t r i f l u o r o m e t h y l p h e n y l )  

p h o s p h i n e ,   e t c .   A r y l   g r o u p s   w i t h   a c y l ,   e . g .  

-COOC2H5,  g r o u p s   can  be  u s e d ,   a l t h o u g h   t h e  

c a r b o x y a l k y l   or  o t h e r   e s t e r   g r o u p s   may  t e n d   to  b e  

h y d r o l y z e d   and  c o u l d   i n t e r f e r e   to  some  e x t e n t   i n  

t h e   d e s i r e d   r e a c t i o n .   A s i d e   f rom  t he   r e q u i r e d  

e l e c t r o n - w i t h d r a w i n g   s u b s t i t u e n t s   on  t h e   a r y l  

g r o u p s ,   i t   is  c o n v e n i e n t   f o r   t he   a r y l   g r o u p s   o n  

t h e   p h o s p h o r u s   to   be  c o m p l e t e l y   h y d r o c a r b o n ,   b u t  

o t h e r   s u b s t i t u e n t s   can   be  p r e s e n t ,   p a r t i c u l a r l y ,  

n o n - i n t e r f e r i n g   and  r e l a t i v e l y   i n e r t   s u b s t i t u e n t s  

s u c h   as  f l u o r i n e   a t o m s ,   f o r   e x a m p l e .  

P h o s p h i n e s   w i t h   t h r e e   s u b s t i t u t e d   p h e n y l   g r o u p s ,  

P ( C 6 H 4 X ) 3 ,   w h e r e   X  is   an  e l e c t r o n - w i t h d r a w i n g  

g r o u p ,   a r e   c o n v e n i e n t   f o r   u s e ,   and  t h o s e   w i t h   X  i n  

t he   p a r a   p o s i t i o n   a r e   p r e f e r r e d .  

In  t he   p r e s e n t   i n v e n t i o n ,   i t   is   d e s i r a b l e  

to  e m p l o y   s t r o n g l y   e l e c t r o n - w i t h d r a w i n g   g r o u p s ,  

s u c h   as  t h o s e   h a v i n g   σoρ  v a l u e s   of  a t   l e a s t   0 . 4 ,  

w i t h   t he   σoρ  v a l u e   b e i n g   t h a t   f rom  the   H a m m e t t  

e q u a t i o n .  

The  Hammet t   e q u a t i o n   i s :  

and  f o r   X C 6 H 4 -  

k0  is  t he   r a t e   c o n s t a n t   f o r   X=H 

k  is  the   c o n s t a n t   fo r   t he   g r o u p   X 

p  is  the   c o n s t a n t   f o r   a  g i v e n   r e a c t i o n  



u n d e r   g i v e n   c o n d i t i o n s  

a  i s   a  c o n s t a n t   c h a r a c t e r i s t i c   of  X 

Hammet t   σ  v a l u e s   a r e   a v a i l a b l e   f o r   v a r i o u s   g r o u p  
s u b s t i t u t e d   a t   t h e  p   or  m  p o s i t i o n s   of  p h e n y l  

r i n g s .   A  p o s i t i v e   v a l u e   o f  σ   i n d i c a t e s   a n  

e l e c t r o n   w i t h d r a w i n g   g r o u p ,   and  s u c h   g r o u p s   h e l p  

r e a c t i o n s   in  w h i c h   σ  is   p o s i t i v e .   The  a  0  v a l u e  

c o n t e m p l a t e s   r e a c t i o n s   a t   a  s i t e   e f f e c t i v e l y  

i n s u l a t e d   f r o m   ↑   e l e c t r o n s   of  t h e   b e n z e n e   r i n g s .  

The  H a m m e t t   e q u a t i o n   and  s i g m a   v a l u e s   a r e  

d i s c u s s e d   in   " A d v a n c e d   O r g a n i c   C h e m i s t r y " ,   J e r r y  

M a r c h ,   2nd  E d . ,   M c G r a w - H i l l ,   New  Y o r k ,   N . Y ,  

( 1 9 7 7 ) ,   a t   p a g e s   2 5 1 - 2 5 9 ,   and  a  0  v a l u e s   a r e  

g i v e n   in   a  t a b l e   on  p a g e   256  w h i c h   i n c l u d e s :  

W h i l e   t h e   t r i f l u o r o m e t h y l   g r o u p   i s   no t   as  s t r o n g l y  

e l e c t r o n - w i t h d r a w i n g   as  some  o t h e r   g r o u p s ,   a r y l  

p h o s p h i n e s   c o n t a i n i n g   t r i f l u o r o m e t h y l   s u b s t i t u e n t s  

can  be  c o n v e n i e n t l y   p r e p a r e d   by  a  G r i g n a r d  

r e a c t i o n ,   and  t h e   t r i f l u o r o m e t h y l   g r o u p   is   s t a b l e  

u n d e r   r e a c t i o n   c o n d i t i o n s .   The  c y a n o   g r o u p   i s  

a l s o   r e l a t i v e l y   s t a b l e ,   bu t   t h e   n i t r o ,   g r o u p   w h i l e  

e f f e c t i v e ,   may  t e n d   to  be  u s e d   up  u n d e r   r e a c t i o n  

c o n d i t i o n s   by  r e a c t i o n   w i t h   c a r b o n   m o n o x i d e .  

I t   is  p r e f e r r e d   t h a t   the   e l e c t r o n - w i t h d r a w i n g  

g r o u p   be  in  t h e   p a r a   p o s i t i o n   of  t he   a r y l   r i n g .  



H o w e v e r ,   s u c h   s u b s t i t u e n t s   in  t h e   meta  or  o r t h o  

p o s i t i o n s   s t i l l   have   some  e f f e c t   and  a re   s u i t a b l e  

fo r   use   as  s t r o n g l y   e l e c t r o n - w i t h d r a w i n g   g r o u p s   i n  

the   p r e s e n t   i n v e n t i o n   i f   t he   e f f e c t   on  b a s i c i t y   o r  

r e l a t e d   p r o p e r t i e s   of  p h o s p h i n e s   w i t h   s u c h  

s u b s t i t u e n t s   is   e q u a l   to  or  g r e a t e r   t h a n   t h a t   of  a  

p a r a - s u b s t i t u t e d   e l e c t r o n - w i t h d r a w i n g   g r o u p   w i t h   a  a  0 
p 

v a l u e   of  0 .4   or  g r e a t e r .  

The  s u b s t i t u t e d   p h o s p h i n e s   e m p l o y e d   h e r e i n  

are   e i t h e r   c o o r d i n a t e d   to  t he   r h o d i u m   atom  to  f o r m  

the   c o o r d i n a t i o n   compound  or  c o m p l e x ,   or  p r e s e n t  

as  the   f r e e   c o m p o u n d ,   i . e .   u n c o o r d i n a t e d   o r  

u n c o m p l e x e d ,   or  in  bo th   f o r m s ,   in  the  r e a c t i o n  

s o l u t i o n   c o n t a i n i n g   the   r h o d i u m   c o o r d i n a t i o n  

c o m p l e x .   In  t h e   f r e e   compound   s t a t e   such  c o m p o u n d  

has  t he   p o t e n t i a l   to  become  c o o r d i n a t e d   to  t h e  

r h o d i u m   a tom  v i a   a  l i g a n d   e x c h a n g e   r e a c t i o n   w i t h   a  

d i f f e r e n t   l i g a n d   a l r e a d y   c o o r d i n a t e d   to  t h e  

r h o d i u m   a t o m .  

S u i t a b l e   o r g a n o   p h o s p h o r u s   l i g a n d s   w h i c h  

may  c o m p r i s e   p a r t   of  the   i o n i c   or  n e u t r a l   r h o d i u m  

c o o r d i n a t i o n   compound   used   in  t h i s   i n v e n t i o n   a r e  

t h o s e   c o n t a i n i n g   t r i v a l e n t   p h o s p h o r u s   and  a r e  
r e f e r r e d   to  in  t h i s   s p e c i f i c a t i o n   as  p h o s p h i n e s .  

P h o s p h i n e s   a r e   u s e f u l   l i g a n d s   in  t he   p r e s e n t  

c a t a l y s t s ,   and  p h o s p h i n e s ,   w i t h o u t  

e l e c t r o n - w i t h d r a w i n g   s u b s t i t u e n t s   as  d e s c r i b e d  

h e r e i n ,   can  be  u s e f u l l y   e m p l o y e d   as  c a t a l y s t  

l i g a n d s   h e r e i n   w i t h o u t   s i g n i f i c a n t   a d v e r s e   e f f e c t s  

in  r e a c t i o n   r a t e s   if   the   a m o u n t   of  such  p h o s p h i n e s  

is  r e l a t i v e l y   l ow ,   such  as  no t   o v e r   2  or  3  mols   o f  

such  p h o s p h i n e   p e r   r h o d i u m   a tom.   T h u s ,   i f  

d e s i r e d ,   the   c a t a l y s t   can  be  p r o v i d e d   to  t h e  



r e a c t i o n   med ium  w i t h   o r d i n a r y   t r i p h e n y l   p h o s p h i n e  

as  a  l i g a n d ,   and  t h e n   the   e x c e s s   p h o s p h i n e   f o r  

c a t a l y s t   s t a b i l i z i n g   p u r p o s e s   can  be  t h a t   w i t h  

e l e c t r o n - w i t h d r a w i n g   s u b s t i t u e n t s   as  d e s c r i b e d  

h e r e i n .   A l s o ,   t he   s m a l l   amount   of  p h o s p h i n e  

c o o r d i n a t e d   w i t h   t h e   r h o d i u m   can  have   s u b s t i t u e n t s  

o t h e r   t h a n   a r y l   g r o u p s   on  the   p h o s p h i n e ,   e . g .  

a l k y l   g r o u p s ,   b u t   f o r   the   p h o s p h i n e   u s e d   in  e x c e s s  

to  have   r e l a t i v e l y   l e s s   b a s i c   p r o p e r t i e s ,   i t   i s  

a p p r o p r i a t e   to   h a v e   o n l y   a r y l   g r o u p s   on  t h e  

p h o s p h o r u s   and  to  h a v e   e l e c t r o n - w i t h d r a w i n g  

s u b s t i t u t i o n   as  d e s c r i b e d   h e r e i n .  

For  p h o s p h i n e   l i g a n d s   of  t he   c a t a l y s t  

i t s e l f ,   o r g a n i c   r a d i c a l s   of  any  s i z e   a n d  

c o m p o s i t i o n   may  be  b o n d e d   to  t he   p h o s p h o r o u s  ,   a n d  

the   r a d i c a l s   a r e   p r e f e r a b l y   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of   a r y l   and  a l k y l   g r o u p s .   T h e  

more  p r e f e r r e d   l i g a n d s   a re   t h o s e   c o n s i s t i n g   of  a t  

l e a s t   one  b u t   p r e f e r a b l y   two  or  t h r e e   a r y l   g r o u p s  

as  t he   o r g a n i c   m o i e t i e s .   For  e x a m p l e ,   p r e f e r r e d  

m o d i f y i n g   l i g a n d s   a r e   i l l u s t r a t e d   by  t he   f o l l o w i n g  
s t r u c t u r a l   f o r m u l a e   PR3  where   R  is  e . g .   p h e n y l  

( C 6 H 5 - ) ,   or  t o l y l ( C H 3 C 6 H 4 - ) ,   x y l y l   ( C H 3 C 6 H 3 C H 3 ) '  

e . g .   P ( C 6 H 5 ) 3 , P ( C H 3 C 6 H 4 ) 3 .  

The  p h o s p h i n e   l i g a n d s ,   and ,   i f   d e s i r e d ,  

o t h e r   l i g a n d s ,   s a t i s f y   the   c o o r d i n a t i o n   number  o f  

the   c e n t r a l   r h o d i u m   a tom,   and  t h u s   fo rm  a  

r h o d i u m - c o n t a i n i n g   c o m p l e x .   The  t e r m   c o o r d i n a t i o n  

compound   or  c o o r d i n a t i o n   complex   means  a  c o m p o u n d  

or  c o m p l e x   f o r m e d   by  c o m b i n a t i o n   of  one  or  m o r e  

e l e c t r o n i c a l l y   r i c h   m o l e c u l e s   or  a t o m s ,   e . g ,  

t r i p h e n y p h o s p h i n e ,   c a r b o n   m o n o x i d e ,  

1 , 5 - c y c l o o c t a d i e n e ,   ( h e r e i n   r e f e r r e d   to  as  COD),  



w i t h   one  or  more  e l e c t r o n i c a l l y   poor   m o l e c u l e s   o r  

a t o m s .   e . g .   r h o d i u m .  

The  r h o d i u m   c o m p l e x e s   used  in  t h e   p r e s e n t  
i n v e n t i o n   a re   i o n i c   or  n e u t r a l   c o m p o u n d s ,   w i t h   t h e  

i o n i c   ones   h a v i n g   a  n o n - c o m p l e x i n g   a n i o n i c   m o i e t y  

and  the   n e u t r a l   ones   c o n t a i n i n g   h a l i d e ,   p s e u d o  

h a l i d e   or  h y d r i d e   m o i e t y .   These   have   the   g e n e r a l  

f o r m u l a   RhL xAn.  In  t h i s   f o r m u l a ,   in  t he   c a s e   o f  

t he   i o n i c   o n e s ,   r h o d i u m   m o i e t y   is  RhLx+  and  t h e  

n o n - c o o r d i n a t i n g   a n i o n i c   m o i e t y   AN- is  e x e m p l i f i e d  

by  BF4- ,   C104,   P F 6 - ,   NO3- ,   and  S i F 6 2 - ,   and  in  t h e  

n e u t r a l   ones   An  is  h a l i d e ,   p s e u d o   h a l i d e   o r  

h y d r i d e .  

In  the   above   f o r m u l a e   L  is  a  l i g a n d ,  

( e i t h e r   the   same  or  d i f f e r e n t   l i g a n d s   as  d e s c r i b e d  

h e r e i n )   and  x  v a r i e s   from  2  to  5.  The  l i g a n d   L  m a y  
or  may  no t   be  a  p h o s p h i n e .   For  e x a m p l e ,   in  t h e  .  

c a s e   where   [ R h ( P h 3 P ) 3 ] +   is  e m p l o y e d   as  t h e  

r h o d i u m - c o n t a i n i n g   c a t i o n ,   Ph3P  is  t he   l i g a n d   L .  

In  the  c a se   w h e r e   [ R h ( C O D ) ( P h 3 P ) 2 ]   is  e m p l o y e d   a s  
the   r h o d i u m - c o n t a i n i n g   c a t i o n ,   Ph3P  and  COD  a r e  

t he   l i g a n d s   L.  In  t h e   ca se   where  [ R h ( C O D ) 2 ] +   i s  

e m p l o y e d   as  t h e   r h o d i u m - c o n t a i n i n g   c a t i o n ,   COD  i s  

the   l i g a n d   L,  a n d  a n   e x c e s s   of  t r i s ( t r i f l u o r o -  

p h e n y l ) p h o s p h i n e   or  s i m i l a r   p h o s p h i n e   is   f u r n i s h e d  

to  the   r e a c t i o n   s o l u t i o n .   In  c a s e s   w h e r e   t h e  

l i g a n d   L  is  no t   a  p h o s p h i n e ,   i t   may  be  a  l i g a n d  

d i s p l a c e a b l e   by  c a r b o n   m o n o x i d e   u n d e r   r e a c t i o n  

c o n d i t i o n s ,   e . g .   COD.  E x a m p l e s   of  t he   l i g a n d   L 

i n c l u d e :  

m o n o - e n e s   of  2  to  12  c a r b o n   a t o m s .  

d i e n e s   of  4  to  12  c a r b o n   a t o m s ,  



t r i e n e s   of  6  to  16  c a r b o n   a t o m s ,  

a l k y n e s   of  2  to   12  c a r b o n   a t o m s ,  

k e t o n e s   of  3  to   12  c a r b o n   a t o m s ,  

n i t r i l e s   of  2  to   12  c a r b o n   a t o m s ,  

N - a l k y l a m i n e s   of  2  to  12  c a r b o n   a t o m s ,  

N - N - d i a l k y l a m i d e s   of  3  to   12  c a r b o n   a t o m s ,  

s u l f o x i d e s   of  1  to  12  c a r b o n   a t o m s ,  

t e r t i a r y   o r g a n o   p h o s p h o r u s   c o m p o u n d s   o f  

3  to   90  c a r b o n   a t o m s ,  

t e r t i a r y   o r g a n o   a r s e n i c   c o m p o u n d s   o f  

3  to  90  c a r b o n   a t o m s ,  

t e r t i a r y   o r g a n o   a n t i m o n y   c o m p o u n d s   o f  

3  to   90  c a r b o n   a t o m s ,  

c a r b o n   m o n o x i d e   and  c o m b i n a t i o n s   t h e r e o f .  

The  i o n i c   or  n e u t r a l   r h o d i u m   c o m p o u n d s  

d e s c r i b e d   above   a r e   u t i l i z e d   in  t he   p r e s e n t  
i n v e n t i o n   as  a  means   of  i n t r o d u c i n g   r h o d i u m   i n t o  

t h e   r e a c t i o n   s o l u t i o n   and  a r e   s o m e t i m e s   r e f e r r e d  

to   as  c a t a l y s t   p r e c u r s o r s .   O t h e r   f o r m s   of  r h o d i u m  

may  be  u s e d   to  fo rm  t h e   r h o d i u m   c a t a l y s t ,   f o r  

e x a m p l e ,   r h o d i u m   m e t a l   or  r h o d i u m   m e t a l   on  c a r b o n  

or  r h o d i u m   h a l i d e   may  be  i n t r o d u c e d   i n t o   t h e  

s y s t e m   to  form  t h e   r h o d i u m   c a t a l y s t .  

In  g e n e r a l ,   t h e   r e l a t i v e l y   l e s s   b a s i c  

p h o s p h i n e s   e m p l o y e d   in  t he   p r e s e n t   i n v e n t i o n   c a n  
be  u s e d   w i t h   any  of  t he   u s u a l   r h o d i u m   c a t a l y s t s   o r  

c a t a l y s t   p r e c u r s o r s   and  t h e i r   u s u a l   l i g a n d s .  

H o w e v e r ,   w h i l e   t h e   o r d i n a r y   p h o s p h i n e s   can  be  u s e d  

as  c a t a l y s t   c o m p o n e n t s   in  t he   p r e s e n t   i n v e n t i o n ,  

t h e y   a r e   no t   e m p l o y e d   in  e x c e s s   to  s t a b i l i z e   t h e  

c a t a l y s t ,   bu t   any  e x c e s s   p h o s p h i n e s   s h o u l d   be  t h e  

r e l a t i v e l y   l e s s   b a s i c   p h o s p h i n e s   as  d e s c r i b e d  

h e r e i n .   When  p h o s p h i n e s ,   such   as  t r i p h e n y l  



p h o s p h i n e ,   a r e   e m p l o y e d   as  c a t a l y s t   l i g a n d s   i n  

a m o u n t s   up  to  a b o u t   2  mols   per  r h o d i u m   a tom,   t h e  

r e a c t i v i t y   and  s e l e c t i v i t y   to  g l y c o l   a l d e h y d e   i s  

f a i r l y   g o o d ,   b u t   c a t a l y s t   s t a b i l i t y   t e n d s   to  b e  

p o o r .   In  t h e   p r e s e n t   i n v e n t i o n   r e l a t i v e l y   h i g h  

e x c e s s e s   of  t h e   l e s s   b a s i c   p h o s p h i n e s   can  b e  

p r e s e n t   and  good  r e a c t i o n   r a t e s   and  s e l e c t i v i t y   t o  

g l y c o l   a l d e h y d e   a r e   s t i l l   o b t a i n e d .   In  t h e  

p r e s e n t   i n v e n t i o n   i t   w i l l   g e n e r a l l y   be  d e s i r a b l e  

to  e m p l o y   more  t h a n   3  mols   p h o s p h i n e   pe r   r h o d i u m  

a t o m ,   and  may  be  a d v a n t a g e o u s   to  have  5  or  m o r e  
mols   p h o s p h i n e   p e r   r h o d i u m   atom;  and  i t   i s  

f e a s i b l e   to  use   much  l a r g e r   a m o u n t s   of  p h o s p h i n e ,  

such   as  10  or   20  mo l s   p h o s p h i n e   per   atom  o f  

r h o d i u m ,   on  up  to  50  or  more  m o l s .  

- T h e   p r e s e n t   r e a c t i o n   can  c o n v e n i e n t l y   b e  

e f f e c t e d   in  a  s o l v e n t   wh ich   f a v o r s   the   p r o d u c t i o n  

of  g l y c o l   a l d e h y d e   o v e r   t h a t   of  m e t h a n o l ,   w h i c h  

g e n e r a l l y   r e q u i r e s   a  p o l a r   s o l v e n t .   Some  a m i d e s  

have   been   f o u n d   to  be  p a r t i c u l a r l y   u s e f u l   a s  

s o l v e n t s   in  t he   p r e s e n t   p r o c e s s   and  to  f a v o r  

p r o d u c t i o n   of  g l y c o l   a l d e h y d e   over   t h a t   o f  

m e t h a n o l ,   t he   a m i d e s   b e i n g   c h a r a c t e r i z e d   by  t h e  

a b s e n c e   of  f r e e   h y d r o g e n   on  the   amido  n i t r o g e n  

a tom.   N , N - d i s u b s t i t u t e d   a m i d e s ,   i . e .   a m i d e s   w i t h  

two  o r g a n o   s u b s t i t u e n t s ,   a r e   u s e f u l ,   t he   a m i d e s  

0  

b e i n g   c o m p o u n d s   c h a r a c t e r i z e d   by  -C-  NRR'  w h e r e   R 

and  R'  a re   o r g a n o   g r o u p s ,   and  may  u s u a l l y   b e  

h y d r o c a r b y l   g r o u p s .   The  s u b s t i t u e n t s   on  t h e  

n i t r o g e n   a r e   o f t e n   a l k y l   g r o u p s ,   p a r t i c u l a r l y  

l ower   a l k y l   g r o u p s   such  as  m e t h y l ,   e t h y l ,   p r o p y l ,  

b u t y l ,   p e n t y l ,   i s o p e n t y l ,   h e x y l ,   e t c .   The  a m i d e s  

are   g e n e r a l l y   t he   a m i d e s   of  lower   c a r b o x y l i c  



a c i d s , ' s u c h   as  f o r m i c ,   a c e t i c ,   p r o p i o n i c ,  

h e x a n o i c ,   e t c .   T h e r e   is  some  v a r i a t i o n   i n  

s e l e c t i v i t y   to   g l y c o l   a l d e h y d e   w i t h   t he   v a r i a t i o n  

in  t h e   c h a i n   l e n g t h   of  t h e   a c i d   a m i d e   and  t h e  

s u b s t i t u e n t s   on  t he   n i t r o g e n .   The  a c e t a m i d e s   g i v e  

p a r t i c u a r l y   good   r e s u l t s ,   b u t   t h e r e   is   some  l o s s  

in  s e l e c t i v i t y   w i t h   i n c r e a s i n g   c h a i n   l e n g t h   of  t h e  

n i t r o g e n   s u b s t i t u e n t s   on  t h e s e   and  o t h e r   a m i d e s .  

H o w e v e r   a n o t h e r   f a c t o r   to   be  c o n s i d e r e d   i s  

s u i t a b i l i t y   of  t he   s o l v e n t   f o r   s u b s e q u e n t   p r o d u c t  

s e p a r a t i o n   p r o c e d u r e s .   A q u e o u s   e x t r a c t i o n s   may  b e  

e m p l o y e d ,   and  a  w a t e r   i m m i s c i b l e   r e a c t i o n   s o l v e n t  

i s   a p p r o p r i a t e   f o r   s u c h   e x t r a c t i o n   p r o c e d u r e .   T h e  

s i m p l e   a m i d e s   l i k e   d i m e t h y l f o r m a m i d e   a re   w a t e r  

s o l u b l e   b u t   t h e   a m i d e s   t e n d   t o w a r d   w a t e r  

i m m i s c i b i l i t y   w i t h   i n c r e a s i n g   c h a i n   l e n g t h ,  

p a r t i c u l a r l y   of  h y d r o c a r b o n   m o i e t i e s ,   as  w i t h  

a l k y l   s u b s t i t u e n t s   on  the   n i t r o g e n   a t o m ,   a n d  

i m m i s c i b i l i t y   i s   r e a c h e d   w i t h   s u f f i c i e n t l y   l o n g  

c h a i n s .   Thus   d i - n - b u t y l f o r m a m i d e   a n d  

d i - i s o p e n t y l f o r m a m i d e   a r e   s u i t a b l e   s o l v e n t s   f o r  

a q u e o u s   e x t r a c t i o n   p r o c e d u r e s   and  a r e   a l s o  

s u i t a b l e   f o r   c o n d u c t i n g   t h e   h y d r o f o r m y l a t i o n  

r e a c t i o n .   In  g e n e r a l ,   a p r o t i c   o r g a n i c   amides   a r e  

u s e f u l   s o l v e n t s   fo r   t he   p r o c e s s   of  t he   p r e s e n t  

i n v e n t i o n .  

I f   d e s i r e d ,   a m i n e s   and  s u c h   s o l v e n t s  

can   be  u s e d   in  the   p r e s e n t   i n v e n t i o n   w i t h  

a c c e p t a b l e   r e a c t i o n   r a t e s .   H o w e v e r ,   amines   t e n d  

to  c a u s e   c o n d e n s a t i o n   of  t he   g l y c o l   a l d e h y d e  



p r o d u c t ,   and  t h e i r   use  is   u n n e c e s s a r y   in  t h e  

p r e s e n t   i n v e n t i o n   in  w h i c h   good  r a t e s   and  c a t a l y s t  

s t a b i l i t y   a r e   o b t a i n a b l e   in  a m i d e   s o l v e n t s   in  t h e  

p r e s e n c e   of  c e r t a i n   s u b s t i t u t e d   p h o s p h i n e s   a s  

d e s c r i b e d   h e r e i n .  

The  h y d r o f o r m y l a t i o n   p r o c e s s e s   of  t h i s  

i n v e n t i o n   a r e   g e n e r a l l y   c a r r i e d   o u t   a t   s o m e w h a t  

e l e v a t e d   p r e s s u r e s   and  t e m p e r a t u r e s ,   bu t   in  m o s t  

i n s t a n c e s   r e l a t i v e l y   m i l d   t e m p e r a t u r e s   a n d  

p r e s s u r e s   a re   no t   o n l y   d e s i r a b l e ,   bu t   p r e f e r a b l e .  

G e n e r a l l y   h i g h e r   p r e s s u r e s   p r o v i d e   the   b e s t  

r e a c t i o n   r a t e s   and  s e l e c t i v i t y   b u t   v e r y   m i l d  

p r e s s u r e s   may  be  used   i f   o p t i m u m   r e a c t i o n   r a t e s  

and  s e l e c t i v i t y   a re   no t   r e q u i r e d .   For  e x a m p l e ,  

p r e s s u r e s   f rom  3 4 4 7 . 3 8   kPa  up  t o  4 1 , 3 6 8 . 5 4   kPa  or  h i g h e r .  

can  b e  u s e d .   P r e s s u r e s   in  t he   r a n g e   of  6 8 9 4 . 7 6   k P a  

to  a b o u t   2 0 , 6 8 4 . 2 7   kPa  a r e   g e n e r a l l y   c o n v e n i e n t .   T h e  

p r o c e s s e s   a re   t e m p e r a t u r e   d e p e n d e n t   and  i t   i s  

g e n e r a l l y   d e s i r a b l e   to  use   m o d e r a t e   t e m p e r a t u r e s  

of  the   o r d e r   of  70°C.   up  to  1 5 0 ° C . ,   and  p r e f e r a b l y  
from  90°C.  up  to  1 2 0 ° C .  

The  p r e s s u r e s   r e f e r r e d   to   above   a r e   u s u a l l y  

a t t a i n e d   by  the  q u a n t i t i e s   of  c a r b o n   m o n o x i d e   a n d  

h y d r o g e n   c h a r g e d   to  t he   r e a c t i o n   zone  or  s y s t e m ,  
which   is  n o r m a l l y   p r o v i d e d   by  an  a u t o c l a v e   o r  

o t h e r   p r e s s u r e   r e s i s t a n t   v e s s e l .   W h i l e   t he   CO  a n d  

B2  r e a c t   in  a  1:1  mole  r a t i o   in  t h e  

h y d r o f o r m y l a t i o n   p r o c e s s ,   i t   is  no t   n e c e s s a r y   t o  

have  them  p r e s e n t   in  such   r a t i o   f o r   t he   r e a c t i o n .  

The  CO  and  H2  may  c o n v e n i e n t l y   be  used   in  a  m o l e  

r a t i o   of  a b o u t   1:1  as  a v a i l a b l e   in  s y n t h e s i s   g a s ,  



b u t   can  a l s o   be  e m p l o y e d   in  w i d e l y   v a r y i n g   r a n g e s ,  
s u c h   as  CO:A2  mo le   r a t i o s   v a r y i n g   f rom  a b o u t  

1 0 : 9 0   to  9 0 : 1 0 .   U s u a l l y ,   h o w e v e r ,   i t  i s   d e s i r a b l e  

to  e m p l o y   CO:H2  mole   r a t i o s   in  the   r a n g e   of  a b o u t  

4 :1   to  a b o u t   1 : 2 ,   and  to  a v o i d   l a r g e   e x c e s s e s   o f  

h y d r o g e n   t h e r e b y   s u p p r e s s i n g   m e t h a n o l   p r o d u c t i o n .  

The  f o r m a l d e h y d e   e m l o y e d   in  t he   p r o c e s s e s  

can  be  u t i l i z e d   in  any  f o r m   wh ich   w i l l   g e n e r a t e  

f o r m a l d e h y d e   u n d e r   t h e   r e a c t i o n   c o n d i t i o n s .   A 

p r e f e r r e d   fo rm  of  f o r m a l d e h y d e   i s  

p a r a f o r m a l d e h y d e .  

The  a m o u n t   of  c a t a l y s t   e m p l o y e d   in  t h e  

h y d r o f o r m y l a t i o n   p r o c e s s e s   h e r e i n   does   no t   a p p e a r  
to  be  c r i t i c a l   and  can   v a r y   c o n s i d e r a b l y   w i t h o u t  

a d v e r s e l y   a f f e c t i n g   t h e   c o u r s e   of  t he   r e a c t i o n .  

In  any  e v e n t ,   t h e   a m o u n t   of   c a t a l y s t   used   s h o u l d  

be  s u f f i c i e n t   to  c a t a l y z e   t h e   h y d r o f o r m y l a t i o n   o f  

f o r m a l d e h y d e   w i t h   c a r b o n   m o n o x i d e   and  h y d r o g e n   t o  

form  g l y c o l   a l d e h y d e ,   a n d ,   p r e f e r a b l y ,   s h o u l d   b e  

s u f f i c i e n t   to  a c h i e v e   a  r e a s o n a b l y   p r a c t i c a l  

r e a c t i o n   r a t e .   G e n e r a l l y ,   t he   r h o d i u m   c a t a l y s t s  

a r e   u s e d   in  a m o u n t s   s u f f i c i e n t   to  p r o v i d e   a t   l e a s t  

a b o u t   0 . 0 0 1   gram  a t o m s   of  r h o d i u m ,   and  up  to  a b o u t  

0 .09   gram  a t o m s   of  r h o d i u m ,   per   l i t e r   of  t h e  

r e a c t i o n   m e d i u m .   The  p r e f e r r e d   a m o u n t s   fo r   m o s t  

p u r p o s e s   a r e   in  t he   r a n g e   of  f rom  a b o u t   0 . 0 0 3   t o  

a b o u t   0 . 03   g ram  a t o m s   p e r   l i t e r .   The  c o n c e n t r a t i o n  

of  f o r m a l d e h y d e   can  v a r y   w i d e l y ,   fo r   e x a m p l e ,   f r o m  

l e s s   t h a n   0 .1   mole   p e r   l i t e r   of  r e a c t i o n   medium  t o  

o v e r   3  m o l e s   p e r   l i t e r   of  r e a c t i o n   m e d i u m ;  

c o n c e n t r a t i o n s   in  t h e   r a n g e   of  a b o u t   1  mole  t o  

a b o u t   2  m o l e s   pe r   l i t e r   may  be  c o n v e n i e n t   f o r   u s e .  



The  p r e s e n t   i n v e n t i o n   has   t h e   a d v a n t a g e   o f  

p r o v i d i n g   a  p r o c e s s   w i t h   good  r e a c t i o n   r a t e   a n d  

h i g h   s e l e c t i v i t y   to  g l y c o l   a l d e h y d e ,   w h i c h   i s  

c o n d u c t e d   u n d e r   c o n d i t i o n s   c o n t r i b u t i n g   to   g o o d  

c a t a l y s t   s t a b i l i t y .   Rhodium  c a t a l y s t s   in  s y s t e m s  

w i t h   l i t t l e   or  no  e x c e s s   p h o s p h i n e   l i g a n d   g i v e  

f a i r l y   good  r e a c t i o n   r a t e s ,   b u t   t e n d   to  b e  

u n s t a b l e   and  l o s e   a c t i v i t y .   The  p r e s e n c e   o f  

a d d i t i o n a l   a m o u n t s   of  t he   u s u a l   p h o s p h i n e s  

i m p r o v e s   t h e   c a t a l y s t   s t a b i l i t y ,   b u t   t e n d s   t o  

l o w e r   t h e   r e a c t i o n   r a t e   and  s e l e c t i v i t y   to  g l y c o l  

a l d e h y d e .   H o w e v e r ,   when  the   p h o s p h i n e   a d d e d   i n  

e x c e s s   i s   a  p r o p e r l y   s u b s t i t u t e d   p h o s p h i n e   a s  
d e s c r i b e d   h e r e i n ,   t he   d e s i r e d   c a t a l y s t   s t a b i l i t y  

is   o b t a i n e d ,   w i t h   r e t e n t i o n   of  good  r e a c t i o n   r a t e  

and  s e l e c t i v i t y   to  g l y c o l   a l d e h y d e .   Thus   a n  

e x c e s s   of  p h o s p h i n e   w i t h   e l e c t r o n - w i t h d r a w i n g   a r y l  

s u b s t i t u t i o n   can  be  e m p l o y e d   and  r e a c t i o n   r a t e s  

can  be  o b t a i n e d   a p p r o a c h i n g   or  e q u a l   to  t h o s e  

o b t a i n a b l e   w i t h   a  r h o d i u m   c a t a l y s t   e m p l o y i n g   a  

t r i p h e n y l p h o s p h i n e   to  r h o d i u m   r a t i o   of  2  or  3  t o  

1.  F o r m a l d e h y d e   c o n v e r s i o n s   of  75  to   80%  or  s o  

can  be  o b t a i n e d   w i t h   r e a s o n a b l y   s h o r t   b a t c h  

r e a c t i o n   t i m e s ,   a l o n g   w i t h   c o n v e r s i o n s   to  g l y c o l  

a l d e h y d e   of  85  t o -90%  or  m o r e .   C o r r e s p o n d i n g l y ,  

c o n d e n s a t i o n   of  the   g l y c o l   a l d e h y d e   to  o t h e r  

p r o d u c t s   i s   k e p t   r e l a t i v e l y   low.   The  a d v a n t a g e s  

of  t h e   use   of  p r o p e r l y   s u b s t i t u t e d   p h o s p h i n e s ,   a s  

d e s c r i b e d   h e r e i n ,   is  p a r t i c u l a r l y   e v i d e n t   when  a  

f a i r l y   h i g h   e x c e s s   of  p h o s p h i n e   is  e m p l o y e d ,   as  5 

or  more  m o l e s   of  p h o s p h i n e   pe r   r h o d i u m   a t o m .  

The  f o l l o w i n g   s p e c i f i c   e x a m p l e s   a r e  

i n t e n d e d   to  i l l u s t r a t e   the   p r o c e s s e s   of  t h i s  

i n v e n t i o n ,   bu t   no t   to  l i m i t   the   s c o p e   t h e r e o f .   I n  



t h e s e   e x a m p l e s  t h e   t e r m   "m  m o l e "   i s   i n t e n d e d   to   m e a n  

m i l l i   m o l e s .  

E x a m p l e   1 

A  300  ml  s t a i n l e s s   s t e e l   a u t o c l a v e   e q u i p p e d  

w i t h   a  M a g n e d r i v e   s t i r r e r   was  c h a r g e d   w i t h   0 . 0 9 7 3 g  

of  [ R h ( C O ) 2 C l ] 2 ,   ( 0 . 5   mmol  Rh) ,   2 . 3 2   g  t r i s - 4 -  

( t r i f l u o r o m e t h y l p h e n y l ) p h o s p h i n e ,   (5  mmol ) ,   6 . 2 g  

p a r a f o r m a l d e h y d e   ( c o n t a i n s   97%  f o r m a l d e h y d e ,   0 . 2  

m o l e )   and  100  ml  N , N - D i m e t h y l a c e t a m i d e   ( s o l v e n t ) .  

The  r e a c t o r   was  t h e n   h e a t e d   to  110°C  u n d e r   1 2 , 4 1 0 . 5 6  

kPa  CO:H2  ( 1 : 1 ) .   The  r e a c t i o n   was  run   a t   110°C  u n d e r  

1 7 , 2 3 6 . 8 9   kPa  t o t a l   p r e s s u r e   f o r   1 .5   h o u r s .  

A n a l y s e s   of   t h e   p r o d u c t s   i n d i c a t e d   79%  c o n v e r s i o n  

of  f o r m a l d e h y d e .   The  s e l e c t i v i t i e s   w e r e :   91%  f o r  

g l y c o l a l d e h y d e ;   2%  f o r   m e t h a n o l ;   a b o u t   1%  g l y o x a l ;  

t r a c e   a m o u n t   of  g l y c e r o l ;   and  a b o u t   6%  C3  and  C4 
a l d e h y d e s   and  k e t o n e s   ( c o n d e n s a t i o n   p r o d u c t s ) .  

Upon  s u b s t i t u t i n g   t r i s - ( 4 - c y a n o p h e n y l )  

p h o s p h i n e   f o r   t h e   p h o s p h i n e   in  t h e   p r o c e d u r e   o f  

E x a m p l e   1,  and   c a r r y i n g   ou t   t h e   p r o c e d u r e   a s  

d e s c r i b e d   in   E x a m p l e   1,  s i m i l a r   r e s u l t s ,   i n c l u d i n g  

h i g h   s e l e c t i v i t y  t o   g l y c o l a l d e h y d e ,   a r e   to  be  e x -  

p e c t e d .  

E x a m p l e   2 

The  c o n d i t i o n s   w e r e   t h e   same  as  E x a m p l e   1 

e x c e p t   t h a t   t h e   a m o u n t   of  t r i s ( 4 - t r i f l u o r o m e t h y l -  

p h e n y l ) p h o s p h i n e   was  d o u b l e d .   A n a l y s e s   of  t h e  

p r o d u c t s   a f t e r   2  h o u r s   of  r e a c t i o n   i n d i c a t e d  



77%  c o n v e r s i o n   of  f o r m a l d e h y d e .   The  s e l e c t i v i t i e s  

w e r e :   90%  f o r   g l y c o l a l d e h y d e ;   2.6%  m e t h a n o l ;   5% 

f o r   C3  and  C4  a l d e h y d e s   and  k e t o n e s .   S m a l l   a m o u n t s  

of  g l y o x a l   and  g l y c e r o l   were   a l s o   o b s e r v e d .  

E x a m p l e   3 

The  c o n d i t i o n s   were   t he   same  as  E x a m p l e   1 

e x c e p t   t h a t   t h e   Rh  c o m p l e x   c h a r g e d   was  0 . 3 4 5 g  

R h C l ( C O ) ( P P h 3 ) 2 ,   ( 0 . 5   m m o l ) .   P r o d u c t   a n a l y s i s  

a f t e r   2  h o u r s   of  r e a c t i o n   i n d i c a t e d   75%  c o n v e r s i o n  

of  f o r m a l d e h y d e .   The  p r o d u c t   s e l e c t i v i t i e s   w e r e :  
93%  f o r   g l y c o l a l d e h y d e ;   3%  f o r   m e t h a n o l ;   a b o u t   4% 

f o r   C3  and  C4  a l d e h y d e s   and  k e t o n e s .  

E x a m p l e  

-  ( C o m p a r i s o n   E x a m p l e )  

The  c o n d i t i o n s   were   t he   same  as  E x a m p l e   1 

e x c e p t   t h a t   t h e   Rh  c o m p l e x   c h a r g e d   was  0 . 3 4 5 g  

R h C l ( C O ) ( P P h 3 ) 2 ,   ( 0 . 5   m m o l ) ,   and  the   p h o s p h i n e   w a s  

3 . 7 g   t r i p h e n y l p h o s p h i n e ,   (14  m m o l ) .   P r o d u c t  

a n a l y s i s   a f t e r   2  h o u r s   of  r e a c t i o n  i n d i c a t e d   l e s s  

t h a n   44%  c o n v e r s i o n   of  f o r m a l d e h y d e .   T h e  

s e l e c t i v i t i e s   f o r   g l y c o l a l d e h y d e   and  m e t h a n o l   w e r e  
43%  and  11%,  r e s p e c t i v e l y .   t h e   r e s t   of  t h e  

p r o d u c t s   were   h i g h e r   b o i l i n g   b y p r o d u c t s .  

E x a m p l e   5 

( C o m p a r i s o n   E x a m p l e )  

The  c o n d i t i o n s   were   t he   same  as  in  E x a m p l e  

4  e x c e p t   t h a t   the   added   t r i p h e n y l p h o s p h i n e   w a s  

0 . 3 9 3 g .   P r o d u c t   a n a l y s i s   a f t e r   2  h o u r s   o f  

r e a c t i o n   i n d i c a t e d   65%  c o n v e r s i o n   of  f o r m a l d e h y d e .  



The  s e l e c t i v i t i e s   f o r   g l y c o l a l d e h y d e   and  m e t h a n o l  

were   82%  and  6%.  r e s p e c t i v e l y .  

The  t r i s ( 4 - t r i f l u o r o m e t h y l p h e n y l )   p h o s p h i n e  

used   in  t h e   a b o v e   e x a m p l e s   was  p r e p a r e d   b y  

r e a c t i o n   of  p - b r o m o b e n z o t r i f l u o r i d e   w i t h   m a g n e s i u m  

to  fo rm  a  G r i g n a r d   r e a g e n t ,   w h i c h   was  r e a c t e d   w i t h  

p h o s p h o r u s   t r i c h l o r i d e ;   see   G.R.   M i l l e r ,   A .W.  

Y a n k o w s k y ,   and  S.  O.  Gr im,   J.   Chem  P h y s i c s ,   V o l .  

51,  3185  ( 1 9 6 9 ) .  



1.  The  p r o c e s s   of  p r e p a r i n g   g l y c o l  

a l d e h y d e   which   c o m p r i s e s   r e a c t i n g   f o r m a l d e h y d e ,  

c a r b o n   m o n o x i d e   and  h y d r o g e n   in  t he   p r e s e n c e   o f  

r h o d i u m   c a t a l y s t   and  a  t r i a r y l p h o s p h i n e   w h i c h   h a s  

an  e l e c t r o n - w i t h d r a w i n g   s u b s t i t u e n t   on  an  a r y l  

r i n g .   , 

2.  The  p r o c e s s   of  C l a i m   1  in  w h i c h  

r e a c t i o n   is   c o n d u c t e d   a t   t e m p e r a t u r e s   of  a b o u t   7 0 °  

to  a b o u t   150oC.   and  p r e s s u r e s   of   a b o u t   3 , 4 4 7 . 3 8   pKa 

to  a b o u t   4 1 , 3 6 8 . 5 4   k P a .  

3 .   The  p r o c e s s   of  C l a i m   1  in  w h i c h  

p h o s p h i n e   is  p r e s e n t   in  e x c e s s   of  3  mols   pe r   a t o m  

of  r h o d i u m .  

4.  The  p r o c e s s   of  C l a i m   1  in  w h i c h  

p h o s p h i n e   h a v i n g   an  e l e c t r o n - w i t h d r a w i n g  

s u b s t i t u e n t   on  an  a r y l   r i n g   is   p r e s e n t   in  a n  

amoun t   of  a t   l e a s t   a b o u t   5  m o l s   pe r   a tom  o f  

r h o d i u m .  

5.  A  p r o c e s s   fo r   t h e   p r o d u c t i o n   of  g l y c o l  

a l d e h y d e   wh ich   c o m p r i s e s   r e a c t i n g   c a r b o n   m o n o x i d e ,  

h y d r o g e n   and  f o r m a l d e h y d e   in  a  s o l v e n t   s y s t e m   a t  

e l e v a t e d   t e m p e r a t u r e   and  p r e s s u r e   in  t he   p r e s e n c e  
of  a  r h o d i u m   c a t a l y s t   e f f e c t i v e   to  p r o d u c e   g l y c o l  

a l d e h y d e   f rom  such  r e a c t a n t s ,   and  h a v i n g   p r e s e n t   a 

t r i a r y l   p h o s p h i n e   l e s s   b a s i c   t h a n   t r i p h e n y l -  

p h o s p h i n e   and  in  wh ich   t h e r e   is  a  s t r o n g l y  



e l e c t r o n - w i t h d r a w i n g   g r o u p   s u b s t i t u t e d   on  an  a r y l  

r i n g   of  t he   p h o s p h i n e .  

6.  The  p r o c e s s   of  C l a i m   5  in  w h i c h   a n  

o r g a n i c   amide   s o l v e n t   i s   e m p l o y e d .  

7.  The  p r o c e s s   of  C l a i m   6  in  w h i c h   t h e  

a m i d e   is   an  N , N - d i a l k y l a m i d e   of  a  l o w e r   c a r b o x y l i c  

a c i d .  

8.  The  p r o c e s s   of  C l a i m   5  in  w h i c h   t h e  

t r i a r y l p h o s p h i n e   i s   t r i s ( 4 - t r i f l u o r o m e t h y l p h e n y l )  

p h o s p h i n e .  

9.  The  p r o c e s s   of  C l a i m   5  in  w h i c h   t r i a r y l  

p h o s p h i n e   is  p r e s e n t   w h i c h   i s   l e s s   b a s i c   t h a n  

t r i p h e n y l   p h o s p h i n e   and  has   an  e l e c t r o n -  

w i t h d r a w i n g   a r y l   s u b s t i t u e n t   h a v i n g   a  a  σoρ  v a l u e   o f  

a t   l e a s t   0 . 4 .  

10.  The  p r o c e s s   of   C l a i m   5  in  w h i c h   a n  

e l e c t r o n - w i t h d r a w i n g   s u b s t i t u e n t   i s   in  p a r a  

p o s i t i o n .  

11.  The  p r o c e s s   of  C l a i m   5  in  w h i c h   a n  

e l e c t r o n - w i t h d r a w i n g   g r o u p   i s   s e l e c t e d   f r o m  

t r i f l u o r o m e t h y l ,   c y a n o ,   and  n i t r o   g r o u p s .  

12.  The  p r o c e s s   of  C l a i m   5  in  w h i c h  

p h o s p h i n e   p r e s e n t   is   r e p r e s e n t e d   by  P ( C 6 H 4 X ) 3  i n  
w h i c h   X  is  an  e l e c t r o n   w i t h d r a w i n g   g r o u p   w i t h   a  σoρ 

v a l u e   of  a t   l e a s t   0 . 4 .  

13.  The  p r o c e s s   of  C l a i m   12  in  w h i c h   X  i s  

t r i f l u o r o m e t h y l .  



14.  The  p r o c e s s   of  C l a i m   5  in  w h i c h   c a r b o n  

m o n o x i d e   to  h y d r o g e n   r a t i o s   a re   in  t h e   r a n g e   o f  

a b o u t   4 :1   to  a b o u t   1 : 2 ,   t e m p e r a t u r e s   a r e   in  t h e  

r a n g e   of  a b o u t   90°  to  a b o u t   120°C .   and  p r e s s u r e s  

a r e   in  t he   r a n g e   of  a b o u t   6 , 8 9 4 . 7 6   t o   a b o u t   2 0 , 6 8 4 . 2 7  

k P a .  

15.  The  p r o c e s s   of  C l a i m   14  in  w h i c h   a  

s u b s t i t u t e d   t r i p h e n y l   p h o s p h i n e   is  p r e s e n t   i n  

w h i c h   e a c h   p h e n y l   g r o u p   has  an  e l e c t r o n -  

w i t h d r a w i n g   s u b s t i t u e n t   in  p a r a - p o s i t i o n   t o  

p h o s p h o r o u s ,   such   s u b s t i t u e n t   h a v i n g   a  o p  v a l u e  

of  at   l e a s t   0 . 4 .  

16.  The  p r o c e s s   of  C l a i m   15  w h i c h  

r e a c t i o n   is   c a r r i e d   ou t   in  a p r o t i c   o r g a n i c   a m i d e  

s o l v e n t   e m p l o y i n g   the   s u b s t i t u t e d   t r i p h e n y l  

p h o s p h i n e   in  a m o u n t   in  e x c e s s   of  3  m o l e s   p e r   a t o m  

of  r h o d i u m .  

17.  The  p r o c e s s   of  C l a i m   16  in  w h i c h  

r h o d i u m   c a t a l y s t   is  p r e s e n t   in  an  a m o u n t   in  t h e  

r a n g e   of  a b o u t   0 . 0 0 1   gram  atom  to  a b o u t   0 . 0 9   g r a m  
a tom  pe r   l i t e r   of  r e a c t i o n   m e d i u m .  

18.  The  p r o c e s s   of  C l a i m   17  in  w h i c h   t r i s  

( 4 - t r i f l u o r o m e t h y l p h e n y l )   p h o s p h i n e   i s   t h e  

s u b s t i t u t e d   t r i p h e n y l p h o s p h i n e .  
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